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ABSTRACT
Massive early-type galaxies represent the modern-day remnants of the earliest major star formation
episodes in the history of the universe. These galaxies are central to our understanding of the evolution
of cosmic structure, stellar populations, and supermassive black holes, but the details of their complex
formation histories remain uncertain. To address this situation, we have initiated the MASSIVE
Survey, a volume-limited, multi-wavelength, integral-field spectroscopic (IFS) and photometric survey
of the structure and dynamics of the ∼ 100 most massive early-type galaxies within a distance of
108 Mpc. This survey probes a stellar mass range M∗ & 1011.5M and diverse galaxy environments
that have not been systematically studied to date. Our wide-field IFS data cover about two effective
radii of individual galaxies, and for a subset of them, we are acquiring additional IFS observations on
sub-arcsecond scales with adaptive optics. We are also acquiring deep K-band imaging to trace the
extended halos of the galaxies and measure accurate total magnitudes. Dynamical orbit modeling of
the combined data will allow us to simultaneously determine the stellar, black hole, and dark matter
halo masses. The primary goals of the project are to constrain the black hole scaling relations at
high masses, investigate systematically the stellar initial mass function and dark matter distribution
in massive galaxies, and probe the late-time assembly of ellipticals through stellar population and
kinematical gradients. In this paper, we describe the MASSIVE sample selection, discuss the distinct
demographics and structural and environmental properties of the selected galaxies, and provide an
overview of our basic observational program, science goals and early survey results.
Subject headings: galaxies: elliptical and lenticular, cD — galaxies: evolution — galaxies: kinematics
and dynamics — galaxies: stellar content — galaxies: structure — dark matter
1. INTRODUCTION
The most massive early-type galaxies in the local uni-
verse are powerful probes of galaxy evolution. They
formed most of their stars rapidly at redshifts z > 2
(e.g., Blakeslee et al. 2003; Thomas et al. 2005) but have
grown in number and size by a factor of two or more since
z ≈ 1 (e.g., Daddi et al. 2005; Trujillo et al. 2006; Faber
et al. 2007; van der Wel et al. 2008; Damjanov et al. 2009;
Cappellari et al. 2009; van Dokkum et al. 2010; van de
Sande et al. 2011), probably in large part through dis-
sipationless merging and accretion (e.g., De Lucia et al.
2006; Boylan-Kolchin et al. 2006; Naab et al. 2009; Ko-
rmendy & Bender 2009; Oser et al. 2010; Thomas et al.
2014). They contain nuclear black holes whose masses
MBH are correlated with properties of the stellar bulge
(e.g., Magorrian et al. 1998; Ferrarese & Merritt 2000;
Gebhardt et al. 2000; Tremaine et al. 2002; Marconi &
Hunt 2003; Ha¨ring & Rix 2004; Gu¨ltekin et al. 2009;
Beifiori et al. 2012; McConnell & Ma 2013; Kormendy
& Ho 2013). These scaling relations between black holes
and their host galaxies imply co-evolution between the
two components over the lifetime of a galaxy, but the
detailed mechanisms remain uncertain.
Integral field spectroscopy (IFS) over a wide radial
range provides an effective tool to study the spatial
and kinematic structure, star formation histories, and
stellar and dark matter halo masses of local galax-
ies. While many IFS surveys are ongoing, such as
VENGA/VIXENS (Blanc et al. 2013), CALIFA (Sa´nchez
et al. 2012), SLUGGS (Brodie et al. 2014), and eventu-
ally MaNGA (Bundy et al. in preparation) and SAMI
(Croom et al. 2012), none of them probes the volume,
mass range, or spatial scales required to systematically
study the most massive elliptical galaxies, a regime that
is critical for understanding the assembly of galaxies and
supermassive black holes. The ATLAS3D project (Cap-
pellari et al. 2011) surveyed 260 galaxies within 42 Mpc.
Because of their relatively small survey volume, only a
handful of galaxies had stellar masses M∗ ∼> 1011.5M.
Their field-of-view of 33′′×41′′ provided coverage within
one half-light radius of most of their sample galaxies.
In this paper we describe MASSIVE, a volume-limited,
multi-wavelength, spectroscopic and photometric survey
of the most massive galaxies in the local universe. The
sample includes 116 candidate galaxies in the northern
sky with distance D < 108 Mpc and absolute K-band
magnitude MK <−25.3, corresponding to stellar masses
M∗ ∼> 1011.5M. MASSIVE is designed to address a
wide range of outstanding problems in elliptical galaxy
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formation, including the variation in dark matter frac-
tion and stellar initial mass function (IMF) within and
among early-type galaxies, the connection between black
hole accretion and galaxy growth, and the late-time as-
sembly of galaxy outskirts. We combine comprehensive
ground-based NIR imaging with IFS data to measure
stellar populations and kinematics out to ∼ 2 effective
radii. Using the Mitchell Spectrograph (formerly called
VIRUS-P; Hill et al. 2008) at McDonald Observatory, we
cover a 107′′ × 107′′ field of view with 4′′ fibers. Thus,
we are sensitive to low surface-brightness emission in the
outer parts of the galaxies (e.g., Murphy et al. 2011;
Adams et al. 2012; Greene et al. 2012).
For a subset of galaxies, we are obtaining additional
adaptive-optics assisted IFS data to map the stellar kine-
matics on ∼ 100 pc scales, within the sphere of influ-
ence of nuclear black holes. The high-resolution data
are required to detect the gravitational effect of the su-
permassive black holes on the stellar orbits. These data
alone, however, are insufficient for removing the degen-
eracy among the dark matter halo, the stellar mass-to-
light ratio, and the central black hole mass (Gebhardt &
Thomas 2009). We therefore combine the high-resolution
and wide-field IFS data for simultaneous modelling of
the three mass components (e.g., Schulze & Gebhardt
2011; McConnell et al. 2011a,b, 2012; Rusli et al. 2013b;
Thomas et al. 2014).
We are also acquiring deep K-band data at UKIRT
and CFHT to measure the extended stellar halos of these
luminous galaxies and determine more accurately their
K-band magnitudes.
The wide-field IFU portion of the survey is currently
complete at MK < −25.7 and 75% complete at MK <
−25.5. Seven galaxies in the survey have published val-
ues of black hole mass (Sec 3.6); 15 additional galax-
ies have existing or incoming high-resolution kinematic
data. Deep K-band photometry has been obtained for
45 galaxies thus far.
The selection of the galaxy sample for the MASSIVE
survey is described in Section 2. Since this survey is
volume-limited and defined by the stellar masses of the
galaxies via their K-band luminosities, we discuss in de-
tail the determinations of distance and absolute K−band
magnitude. Basic properties of the survey galaxies such
as stellar mass, size, velocity dispersion, shape, color,
and central black holes are presented in Section 3. We
illustrate the distinct demographics of these galaxies and
compare their locations in parameter space with lower-
mass early type galaxies. In Section 4, we investigate the
larger-scale environments of these massive galaxies using
three 2MASS-selected galaxy group catalogs within the
local volume. Our observing strategies with large-format
IFS, AO-assisted IFS, and deep K-band imaging are dis-
cussed in Section 5. Sample spectra from the Mitchell
IFS and kinematic maps of NGC 1600 are shown. We dis-
cuss the primary science goals of the survey and present
early science results in Section 6.
Appendix A tabulates the 116 candidate galaxies in
the MASSIVE survey and their key physical properties.
Appendix B provides a montage of the 78 MASSIVE
galaxies with SDSS photometry.
We assume H0 = 70 km s
−1 Mpc−1 throughout the
paper.
TABLE 1
Selection criteria for MASSIVE galaxies
Distance D < 108 Mpc
Absolute K magnitude MK < −25.3
Declination δ > −6◦
Galactic extinction AV < 0.6
Morphology E and S0
2. SAMPLE SELECTION
2.1. Overview
The main selection criteria of our survey are summa-
rized in Table 1. The survey volume of radius D < 108
Mpc is chosen to be large enough to encompass the Coma
cluster. This volume is more than an order of magnitude
larger than that probed by ATLAS3D , enabling us to
obtain a statistical sample of early-type galaxies at the
highest end of the galaxy mass function. The correspond-
ing redshift limit is cz < 7560 km s−1 or z < 0.025 (for
H0 = 70 km s
−1 Mpc−1).
Within the survey volume, our goal is to select galax-
ies above a given total stellar mass. Since selection based
on K-band luminosities is close to a stellar mass selec-
tion, particularly for these red galaxies, we use the near-
infrared K-band magnitude from the Extended Source
Catalog (XSC; Jarrett et al. 2000) of the Two Micron All
Sky Survey (2MASS; Skrutskie et al. 2006). This catalog
contains photometric measurements in the J , H, and K
bands of ∼ 1.6 × 106 objects with K ≤ 13.5 mag. The
data have a mean photometric accuracy better than 0.1
mag and are mostly unaffected by interstellar extinction
and stellar confusion, although the 2MASS luminosities
may be systematically underestimated for very extended
objects (see Sec 2.3).
Peculiar velocities add uncertainties to the determina-
tion of distances and absolute magnitudes, and conse-
quently the selection of our sample. We use the 2MASS
Galaxy Redshift Survey (2MRS; Huchra et al. 2012) and
the group catalog based on 2MRS (Crook et al. 2007) to
correct the radial velocity-derived distances. We begin
with an initial velocity cutoff corresponding to a redshift-
distance of 140 Mpc and MK < −22 and correct for
peculiar velocities for galaxies in the 2MRS group cat-
alog (see Sec 2.2). We then select those galaxies with
D < 108 Mpc, MK < −25.3 mag, declination δ > −6◦,
and galactic extinction AV < 0.6.
Finally, we restrict our sample to galaxies classified as
elliptical or S0 in the HyperLeda database1 (Paturel et al.
2003). We remove 14 galaxies from the sample because
their photometry is compromised by either a foreground
star or a companion galaxy, and the stellar mass is likely
to be overestimated (see Sec 2.5). We do not remove
any galaxies based on their size on the sky; in practice,
most galaxies in the survey have effective radii larger
than 10′′ (listed in Table 3; see discussion in Sec 3.2)
and are therefore well-resolved by the 4′′ fibers of the
Mitchell Spectrograph.
This set of selection criteria results in 116 candidate
galaxies listed in Table 3. Among these, 72 galaxies have
1 http://leda.univ-lyon1.fr
The MASSIVE Survey 3
MK < −25.5 and D < 105 Mpc and are our high prior-
ity targets. We are obtaining deeper K-band imaging to
improve on the relatively shallow photometry provided
by 2MASS. The more robust measurements of the total
K-band magnitude for our candidate galaxies will help
alleviate the uncertainties near the magnitude and dis-
tance cutoffs and sharpen the survey boundaries and the
final sample size.
Below we describe the key selection criteria in more
detail.
2.2. Distance
We need accurate distance estimates to determine the
absolute K-band magnitudes, the volume cutoff, and
the measurements of MBH and M
∗. Only 9 galaxies
in our survey have existing distances measured from
the surface-brightness fluctuation (SBF) method (e.g.,
Blakeslee et al. 2009, 2010) for either the individual
galaxies or the groups in which they reside. Among
these, three are in the Virgo cluster (NGC 4472, 4486,
4649) at 16.7 Mpc (Blakeslee et al. 2009), four are in
the Coma cluster (NGC 4816, 4839, 4874, 4889) at 102.0
Mpc (Blakeslee 2013), and two are in the Perseus group
(NGC 7619 and 7626) at 54.0 Mpc (Cantiello et al. 2007).
We adopt SBF distances for these 9 galaxies.
For the rest of the sample, we assign the distance
in one of two ways, depending on whether or not a
galaxy is identified as belonging to a group. For galax-
ies in groups, we correct for local peculiar velocities us-
ing group-corrected redshift distances; for galaxies not in
groups, we use redshift distances based on radial veloci-
ties corrected with a flow model, as described below.
To determine group membership, we use the catalog
of galaxy groups constructed from the friends-of-friends
(FOF) algorithm applied to 2MRS (Crook et al. 2007).
The 2MRS contains follow-up spectroscopic data and
redshifts for a subset of 43,533 galaxies in 2MASS. It
is 97.6% complete down to K = 11.75 mag over 91%
of the sky. The median uncertainty in the radial veloc-
ities for galaxies with absorption-line spectra is 29 and
41 km s−1, respectively, for the two main spectrographs
used in the survey. Crook et al. (2007) present a cat-
alog of galaxy groups using the 2MRS redshifts. It is
complete to a limiting radial velocity of 104 km s−1. The
high-density-contrast (HDC) catalog in this work pro-
vides galaxy membership in groups that have a density
contrast of 80 or more, corresponding to FOF linking
parameters of 0.93 Mpc (for h = 0.7) in the transverse
directions and 350 km s−1 along the line of sight.
For galaxies that reside in HDC groups with three or
more members, we use the mean group distance from the
HDC catalog, converted from H0 = 73 km s
−1 Mpc−1 to
our adopted value of 70 km s−1 Mpc−1. The group dis-
tance is determined using velocities from the flow model
of Mould et al. (2000) to account for the most obvious
local distortions and large-scale flows. The model first
converts from the heliocentric frame to the Local Group
frame, and then adjusts the redshift-inferred distances
of galaxies near the Virgo Cluster, Shapley Superclus-
ter, and the Great Attractor region.2 Then, the Local
2 However, we use the SBF distance for the Virgo galaxies, and
none of our galaxies are in Shapley or the Great Attractor regions,
as these are in the southern sky.
Group frame velocities for all galaxies are corrected for
the estimated gravitational pull of the Virgo, the Great
Attractor, and Shapley mass concentrations.
For galaxies not residing in any HDC group, we assign
the distances using velocities from the same flow model
(as provided by NED and converted to our H0) to ensure
that the distances for group and field galaxies in our
survey are computed in the same rest frame.
While we have used the best available distance mea-
surements (listed in Table 3), uncertainties will unavoid-
ably cause a small fraction of the galaxies near our mass
and distance cutoffs to move into and out of the sample.
We have attempted to quantify the outstanding distance
uncertainties by comparing our adopted distances with
the redshift-independent distances tabulated by NED for
39 objects in our sample. We find the mean offset to be
1.5 Mpc, but ∼ 20% of the cases differ by > 10 Mpc.
Since galaxy populations over a few tens of Mpc or a few
tenths of a magnitude are not expected to change, we
do not anticipate the uncertainty in the exact member-
ship near our survey boundaries to impact our results.
Our dynamical measurements of MBH and M
∗, however,
do depend on the distance linearly, and all current such
measurements are affected by this uncertainty. Signifi-
cant improvements can be achieved with more SBF data
with the Hubble Space Telescope.
2.3. K−band magnitude
The 2MASS XSC database provides a variety of magni-
tude measurements for each extended source in the J , H,
and K bands. To determine each galaxy’s absolute K-
band luminosity, we begin with the “total” extrapolated
K−band magnitude (XSC parameter k m ext), which is
measured in an aperture consisting of the isophotal aper-
ture plus the extrapolation of the surface brightness pro-
file based on a single Se´rsic fit to the inner profile (Jarrett
et al. 2003). We compute the absolute K-band magni-
tudes using
MK = K − 5 log10D − 25− 0.11AV , (1)
where K is given by k m ext, and D is the distance in
Mpc described in Sec 2.2. We use galactic extinction
AV (Landolt V ) from Schlafly & Finkbeiner (2011) and
the reddening relation of Fitzpatrick (1999) with RV =
AV /EB−V = 3.1. The values of K, AV , and MK for all
galaxies are listed in Table 3. TheseK−band magnitudes
form the basis for our selection and are used to estimate
stellar masses (§ 3.1).
The relatively shallow photometry provided by 2MASS
XSC (the 1-σ sky noise in K is 20.0 mag arcsec−2) has led
to some concerns that the K-band luminosities of mas-
sive galaxies are underestimated by 2MASS (e.g., Lauer
et al. 2007b; Schombert & Smith 2012; Kormendy & Ho
2013). When the radial range is too small to provide
an accurate Sersic index for the light profiles of early-
type galaxies, their total luminosities can be particularly
biased low.
To assess the impact of potential biases in 2MASS
K-band magnitudes on our galaxy selection, we exam-
ine the sample of 219 early-type galaxies targeted for
an HST imaging study in Lauer et al. (2007b). We use
V −K = 2.98 (Kormendy & Ho 2013) to transform the
V -band luminosities (largely based on the RC3 Catalog)
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Fig. 1.— Distance and absolute K-band magnitude of galax-
ies in the MASSIVE survey (red circles) and ATLAS3D survey
(blue crosses). Stellar masses estimated from Equation (2) are
also shown. Only 6 galaxies in ATLAS3D are luminous enough to
pass our K-band magnitude cut. The rest of our sample all lie
beyond the volume limit of 42 Mpc surveyed by ATLAS3D . The
big circles indicate NGC 4889 (red) and M87 (blue).
in their sample to the K-band. A total of 31 galaxies
in this sample lie within our survey volume of D < 108
Mpc and above the luminosity cut of MK = −25.3 mag;
among these, 18 have δ > −6◦ and would belong to our
survey if the deeper V -band photometry and V −K re-
lation were used to select bright galaxies.3 We find all
18 to be in our MASSIVE sample; our K-band selection
therefore does not appear to be much affected by poten-
tial systematic underestimates in the 2MASS K-band
magnitude according to this test.
We are acquiring deep wide-field K-band photometry
(Sec 5.3) for more robust measurements of the total mag-
nitude for the galaxies in our sample. M87, for instance,
has MK = −25.31 mag according to the 2MASS XSC
and is only slightly above our magnitude cut. Analysis
of deeper photometric data, however, findsMK = −26.08
mag, a factor of two more luminous (La¨sker et al. 2014).
Although M87 is likely to be a worst case because of
its angular extent on the sky, this large discrepancy un-
derscores the need for deeper K-band imaging data. Our
dataset will also reduce the uncertainties near our magni-
tude and distance cutoffs and help refine the final sample
selection for IFS observations.
2.4. Parameter Space
Figure 1 highlights the distinct parameter space in dis-
tance and stellar mass occupied by MASSIVE galax-
ies. Only 6 galaxies in this survey were included in
3 We exclude IC 1565, which is at a distance of ∼ 150 Mpc
according to NED; it is incorrectly listed as 38.2 Mpc in Lauer
et al. (2007b).
Fig. 2.— Comparison of infrared (from 2MASS) and opti-
cal (from NSA) galaxy sizes for the MASSIVE (red circles) and
ATLAS3D (blue crosses) surveys. 77 galaxies in the MASSIVE
sample are listed in the NSA. The 2MASS Re is systematically
lower than the NSA values. The best-fit relation (black line) is
given in Equation (4). The big circles indicate NGC 4889 (red)
and M87 (blue).
ATLAS3D ; three are in the Virgo Cluster: NGC 4486
(M87), NGC 4472 (M49), NGC 4649 (M60); the others
are NGC 5322, NGC 5353, and NGC 5557. The larger
survey volume (by more than a factor of 15) allows us to
sample the galaxy mass function at M∗ & 1011.5M.
The ongoing CALIFA survey will target ∼ 600
diameter-selected local galaxies with major axes between
45′′ and 80′′ (in the SDSS r-band) and a redshift range
of 0.005 < z < 0.03. About 1/3 of the galaxies are
expected to be bulge-dominated (Sa´nchez et al. 2012).
Despite the selection on galaxy sizes, the CALIFA sam-
ple is shown to be representative of galaxies with 109.7 <
M∗ < 1011.44M (Walcher et al. 2014), complementary
to our mass selection of M∗ & 1011.5M.
2.5. Skipped Targets
A total of 14 galaxies pass our selection criteria but are
in the field of view of a bright star or have a companion
or interacting galaxy. We list these galaxies here for com-
pleteness, but we do not include them in our candidate
list because their photometry is likely to be contaminated
by the near neighbor and the luminosities may be over-
estimated. Among the 14 galaxies, 4 have nearby stars:
NGC 2974,4 NGC 6619, IC 947, UGC 11950; the other
10 have interacting or close companion galaxies: NGC
4 We note that NGC 2974 was included in ATLAS3D but was
assigned MK = −23.62 mag, much fainter than our survey mag-
nitude cut and the 2MASS XSC value K = 6.24 mag and a cor-
responding MK = −26.16 mag. The 2MASS isophotal radius is
71” for this galaxy, enclosing the V = 9.2 mag bright star BD-03
2751 that is 43” away. The 2MASS magnitude for NGC 2974 is
therefore highly contaminated.
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Fig. 3.— Distribution of 2MASS angular sizes for the MASSIVE
(red solid) and ATLAS3D (blue dashed) galaxies. The Mitchell
IFS has a FOV of 107′′ × 107′′ and probes up to ∼ 2Re for most
MASSIVE galaxies. The FOV of Sauron/ATLAS3D is 33′′ × 41′′.
71, NGC 750, NGC 1128, NGC 4841A, NGC 5222, NGC
7318, PGC 27509, PGC 93135, UGC 2759, UGC 12591.
One exception is the close galaxy pair NGC 545/547.
NGC 547 is in 2MASS and passes our selection cut.
NGC 545 is not in 2MASS, but it is listed as the BCG of
Abell 194 with MV = −22.98 mag (Lauer et al. 2007b).
We include both galaxies in our sample.
We exclude NGC 1275, the central galaxy in the
Perseus Cluster, since it is a complex post-merger sys-
tem (e.g., Canning et al. 2014, and references therein).
3. GALAXY PROPERTIES
3.1. Stellar Mass
A major goal of this survey is to obtain measurements
of the stellar mass-to-light ratio of massive early-type
galaxies from both dynamical modeling and stellar pop-
ulation synthesis modeling of the IFS kinematic data.
In the interim, we estimate the stellar mass of the sur-
vey galaxies using a conversion between K-band lumi-
nosity and stellar mass for early-type galaxies in the
ATLAS3D sample (Cappellari 2013):
log10(M
∗) = 10.58− 0.44(MK + 23) . (2)
The relation is fitted between total extinction-corrected
2MASS K-band magnitudes and dynamical stellar
masses from Jeans Anisotropic MGE (JAM), where
MGE is the Multi-Gaussian Expansion method (Em-
sellem et al. 1994). This scaling naturally incorporates
any potential IMF changes as a function of mass. Upon
the completion of the MASSIVE survey, we will be able
to test the validity of this conversion for the mass range
M∗ & 1011.5M, which is currently uncalibrated at this
high mass.
3.2. Galaxy Size
The 2MASS XSC catalog lists a variety of measure-
ments for galaxy sizes. For ease of comparison, we adopt
a similar definition of the effective radius Re as Cappel-
lari et al. (2011). Their Re is based on the half-light ra-
dius from XSC (parameters j r eff, h r eff, and k r eff).
This radius is derived from the 2MASS surface bright-
ness profile in each band as the value of the semi-major
axis of the ellipse that encloses half of the total light. We
assign each galaxy a 2MASS Re using the median value
in the three bands:
Re = median(j r eff,h r eff, k r eff)
√
sup ba , (3)
where the parameter sup ba is the minor-to-major axis
ratio measured from the 2MASS 3-band co-added image
at the 3σ isophote.5 This factor is included here to con-
vert the semi-major axis into the radius of the circle with
the same area. Cappellari et al. (2011) found the 2MASS
Re for ATLAS
3D galaxies to correlate well with the opti-
cal Re from the RC3 catalog (de Vaucouleurs et al. 1991)
with an rms scatter of 0.12 dex, but the 2MASS radii
were smaller by an overall factor of ≈ 1.7, presumably
because 2MASS is shallow (see also Lauer et al. 2007b).
Here we compare the 2MASS Re with the optical sizes
from the NASA-Sloan Atlas (NSA), which in turn is
based on the SDSS DR8 spectroscopic catalog (York
et al. 2000; Aihara et al. 2011). This version of the
SDSS photometric catalog has a revised sky subtraction
designed specifically to mitigate known galaxy size mea-
surement problems for large galaxies (Desroches et al.
2007; Blanton et al. 2011). The NSA provides a unified
analysis of local galaxies within ∼ 200 Mpc. A total of
77 MASSIVE galaxies are in the NSA. For the optical
Re, we use the 50% light radius from a 2-dimensional
Se´rsic fit along the major axis (NSA parameter SER-
SIC TH50). The Se´rsic indices from the NSA fits range
from n = 2 to the maximum allowed n = 6.
The values of 2MASS and available NSA radii are
listed in Table 3. Figure 2 compares the physical Re
from 2MASS and NSA for galaxies in the MASSIVE and
ATLAS3D surveys. The best-fit relation (black line) is
log10R
2MASS
e = 0.80 log10R
NSA
e − 0.076 , (4)
where the radii are in kpc. At ∼ 1 kpc, the NSA Re is a
factor of ∼ 1.2 larger than the 2MASS Re. At ∼ 10 kpc,
the offset increases to a factor of ∼ 1.8. This difference
underscores the need for deeper photometry, particularly
in the K-band and for massive galaxies.
Figure 3 shows the distributions of the 2MASS angu-
lar Re for galaxies in the two surveys. Most MASSIVE
galaxies are in the range of ∼ 10′′ to 50′′ , comparable to
those of ATLAS3D galaxies. Due to the larger distances,
however, the physical sizes of MASSIVE galaxies are ∼ 2
to 5 times larger. This is consistent with the large stellar
masses of these galaxies. The 107′′ × 107′′ FOV of our
IFS covers up to ∼ 2Re of most galaxies in the MAS-
SIVE survey, in comparison to the 33′′ × 41′′ FOV of
ATLAS3D .
3.3. Stellar Velocity Dispersions
A total of 98 MASSIVE galaxies have stellar veloc-
ity dispersion measurements in the HyperLeda database
5 We use sup ba instead of the K-band axis ratio k ba adopted
by Cappellari et al. (2011) because sup ba is measured from the
higher S/N combined images and is listed to 3 rather than 1 decimal
precision in 2MASS XSC.
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Fig. 4.— Distribution of stellar velocity dispersion for the MAS-
SIVE (red solid) and ATLAS3D (blue dashed) galaxies.
(Paturel et al. 2003). Among those not in HyperLeda,
five have σ measurements in the SDSS (Bolton et al.
2012). These 103 values are plotted in Figure 4 and listed
in Table 3; all other available values of SDSS σ are also
listed. The literature σ values are measured over a range
of radial apertures, so HyperLeda has homogenized the
measurements in a way designed to correct (on average)
for aperture effects as well as other differences in tech-
nique among different studies (Prugniel & Simien 1996;
see also Ho 2007). The HyperLeda measurements are
compiled as follows: (i) choose a subsample of galaxies
with three or more σ measurements in the literature; (ii)
pick those that agree within 30 km s−1; and (iii) for each
source, derive offsets to match a gold sample of σ. The
final reported dispersion is a weighted mean of scaled val-
ues. The corrected velocity dispersions from HyperLeda
correspond to an aperture of 0.6 kpc.
The range of σ (Figure 4) for our survey galaxies is
large, starting at ∼ 200 km s−1 up to 400 km s−1 for
NGC 4889. Two galaxies have anomalous σ in Hy-
perLeda: NGC 4059 with 121 km s−1 and NGC 4055
with 500 km s−1. We replace them with 206 km s−1
and 270 km s−1, respectively, from the NSA. Ultimately,
our survey will produce spatially-resolved 2-dimensional
maps of velocities and will update the σ measurements.
3.4. Shape
The shapes, kinematics, and masses of early-type
galaxies are closely correlated. Lower-mass elliptical
galaxies tend to be fast rotators and have higher elliptici-
ties, whereas giant ellipticals rotate slowly and are round
and mildly triaxial (e.g., Binney 1978; Davies et al. 1983;
Kormendy & Bender 1996; Tremblay & Merritt 1996).
It is therefore interesting to examine the distributions in
galaxy shapes for the MASSIVE and ATLAS3D samples.
Figure 5 compares the ellipticities,  = 1 − sup ba,
for galaxies in the two surveys, where sup ba is the
2MASS XSC parameter for the minor-to-major axis ratio
fit to their “super-coadd” isophote. Only five MASSIVE
galaxies have high ellipticities with  & 0.5, in contrast
to about a quarter of the ATLAS3D sample. These five
galaxies are all in the fainter half (MK ∼> −25.7 mag) of
our sample. Our survey data will provide direct measure-
ments of the spatial profile of the rotation and  of each
galaxy and will allow us to quantify the distributions of
galaxy rotations and shapes at the highest masses.
3.5. Color
Galaxies in the MASSIVE survey are selected based
on properties such as luminosity and morphology but
not color. We quantify their color distribution using the
photometry for the 77 MASSIVE galaxies that are in
the NSA. We find that the u − r distribution is well-
described as a Gaussian with a mean color of u − r =
2.7 ± 0.06 mag. This level of scatter is similar to those
quoted in earlier work (e.g., Bower et al. 1992; Bernardi
et al. 2003b; Blanton et al. 2005; Eisenhardt et al. 2007).
The small scatter in the color-magnitude relation is most
likely tied to a uniformly old age and a narrow range in
stellar metallicity for these galaxies. The wide range of
environments of our galaxies (see Sec 4) will enable us to
identify any potential color differences among the most
massive galaxies as a function of local environments.
3.6. Supermassive Black Holes
Seven galaxies in our sample have published black hole
masses in the literature: the three Virgo galaxies NGC
4486 (Gebhardt et al. 2011; Walsh et al. 2013), NGC
4472 (Rusli et al. 2013b), and NGC 4649 (Shen & Geb-
hardt 2010); NGC 3842 and NGC 4889 (McConnell et al.
2011a, 2012); NGC 7052 (van der Marel & van den Bosch
1998), and NGC 7619 (Rusli et al. 2013b). These galax-
ies are located at the high end of the MBH -M
∗ relation
(McConnell & Ma 2013), but due to the large scatter in
σ vs M∗ (Figure 13), the high end of the MBH -σ relation
is populated by a mixture of these massive galaxies and
several others not massive enough to be in our survey.
Recent efforts at measuring large MBH have all targeted
high-σ galaxies (e.g., McConnell et al. 2011a, 2012; van
den Bosch et al. 2012; Rusli et al. 2013b). Our survey
will provide a complementary sample of MBH in galaxies
selected based on high stellar mass.
4. GALAXY ENVIRONMENTS
In this section we investigate the larger-scale environ-
ments of galaxies in the MASSIVE survey. Massive early-
type galaxies are commonly assumed to be located at or
near the centers of galaxy groups or clusters. Our survey
targets the most massive galaxies within a ∼ 100 Mpc
volume. Where do these M∗ & 1011.5M galaxies re-
side? Below we quantify their environments using three
group catalogs constructed from galaxy redshift surveys
of the local volume.
4.1. 2MRS Group Catalog
Crook et al. (2007, 2008) presents a redshift-limited
catalog of groups for the galaxies with K < 11.25 mag in
2MASS XSC. The FOF algorithm with two sets of linking
parameters is used to create two group catalogs of differ-
ing density contrasts. The high-density-contrast (HDC)
catalog lists galaxy membership in groups that have a
density contrast of 80 or more, corresponding to link-
ing parameters of 350 km s−1 along the line of sight and
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Fig. 5.— Ellipticity versus K-band luminosity (left panel) and ellipticity distribution (right panel) for galaxies in the MASSIVE survey
(red circles) and ATLAS3D survey (blue crosses). The ellipticity is  = 1 − sup ba, where sup ba is the 2MASS XSC parameter for the
minor-to-major axis ratio fit to their “3-σ super-coadd isophote.” There is a dearth of high- galaxies in the MASSIVE sample. The big
circles in the left panel indicate NGC 4889 (red) and M87 (blue).
0.89 Mpc in the transverse directions. The low-density-
contrast (LDC) catalog is constructed with larger linking
lengths of 399 km s−1 and 1.63 Mpc, corresponding to a
density contrast of 12 or more.
The exact membership of groups in any group/cluster
catalog depends on the algorithm and linking parameters
used to construct the catalog. All galaxies assigned to
groups in the HDC catalog are also assigned to groups in
the LDC catalog, but the converse is not true. The larger
linking lengths used in LDC tend to merge smaller groups
and generate more extended structures, whereas large
structures tend to be fragmented into individual groups
in HDC. Three galaxies in Virgo are bright enough to be
in our survey; they are assigned to a single group of 205
members in HDC, and a single group of 300 members in
LDC. Similarly, the four brightest galaxies in the Coma
cluster are in our survey. They are all properly assigned
to a single group in both the HDC and LDC catalogs,
containing 49 and 84 members, respectively.
Two measurements of the mass of each group are pro-
vided in Crook et al. (2007), one based on the virial es-
timator and the other based on the projected mass esti-
mator. The virial mass estimator is computed from the
line-of-sight velocity dispersion and mean harmonic pro-
jected separation of group members. The latter quantity
is sensitive to close pairs and can be noisy, in particular
for groups not uniformly sampled spatially. The pro-
jected mass estimator (Heisler et al. 1985) is designed
to give equal weights to group members at all distances.
This mass estimator depends on the mean eccentricity of
the orbits and is parameterized by an overall coefficient
fpm that typically is not measured and must therefore
be assumed. The parameter fpm ranges from 32/pi for
isotropic orbits to 64/pi for radial orbits, independent of
the mass distribution. The Crook et al. (2007) catalog
TABLE 2
Environment of MASSIVE galaxies
Environment HDC LDC 2M++
Groupless 26 12 23
In groups 90 104 93
Brightest group galaxy 65 70 70
Notes. Number of MASSIVE galaxies that are (1) group-less, i.e.,
“isolated” and have no group members; (2) in groups of three or
more members; and (3) the brightest galaxy in its group. Three
galaxy group catalogs (all based on 2MASS) are shown: the high-
density-contrast (HDC) and low-density-contrast (HDC) catalogs
of Crook et al. (2007) and the 2M++ catalog (Lavaux & Hudson
2011).
assumes fpm = 32/pi, which yields the smallest mass.
Table 2 lists the statistics of the environment of our
candidate galaxies classified by the HDC and LDC group
catalogs. As expected, more galaxies are identified as
being in groups in the LDC catalog. Figure 6 plots the
distribution of the virial halo mass of the HDC groups
in which the MASSIVE galaxies reside. The black his-
togram shows the halo distribution of all 90 galaxies in
groups, and the red histogram plots the subset of 65
brightest group galaxies (BGGs). The agreement of the
two histograms at Mhalo . 1013.75M indicates that the
39 MASSIVE galaxies in these lower-mass groups are all
BGGs. By contrast, only 26 of the 51 galaxies in the
higher-mass groups are BGGs.
4.2. 2M++ Group Catalog
As a comparison study, we examine the environmental
properties of the MASSIVE galaxies in the 2M++ galaxy
redshift catalog of Lavaux & Hudson (2011). This more
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Fig. 6.— Distribution of dark matter halo masses for the 90
MASSIVE galaxies that reside in groups in the HDC catalog (black
histogram). The halo mass is obtained from the virial mass estima-
tor (Sec 4.1). Among the 90, 65 are the brightest group galaxies
(BGG) in their respective groups (red histogram). The two his-
tograms show that the 39 MASSIVE galaxies in the lower-mass
groups are always the BGGs, whereas for those in groups with
Mhalo & 1013.75M, about 50% are not BGGs.
recent compilation of 69,160 galaxy redshifts is based on
the 2MASS photometric catalog for target selection and
uses primarily the redshifts from SDSS-DR7, 6dfGRS,
and 2MRS. The catalog covers nearly the full sky and
reaches depths of K = 12.5, in comparison to K = 11.75
mag for 44,599 galaxies in 2MRS. Groups in this catalog
are identified by the FOF algorithm with linking param-
eters of 0.64 Mpc and 1000 km s−1. The correspond-
ing overdensity threshold of 80 is the same as the HDC
catalog of Crook. The group list contains 4002 groups
with three or more members up to redshift distance of
20, 000 km s−1. The members of the nearest two clusters
Virgo and Fornax are not properly identified by the FOF
algorithm and are assigned manually.
A total of 93 MASSIVE galaxies are identified to reside
in groups by the 2M++ catalog, similar to 90 in HDC
(see Table 2). Figure 7 shows that the numbers of group
members are reasonably consistent between the two cat-
alogs. For the handful galaxies that are assigned to a
group in one catalog but not in the other, most of them
reside in small groups of low velocity dispersion and low
membership, a regime that is more sensitive to the dif-
ferent linking parameters and parent samples used in the
two catalogs.
4.3. Groupless Galaxies
Not all MASSIVE galaxies are associated with groups
(of three or more members) in the Crook or 2M++ cat-
alogs: 26 galaxies are not in groups according HDC, and
23 galaxies are not in 2M++ groups. Among these, 17
galaxies are groupless in both catalogs. These galaxies
are relatively isolated and presumably live in low-density
environments. Any satellite galaxy, if present, is likely
to be faint.
Fig. 7.— Comparison of group membership in the 2MRS HDC
catalog and 2M++ catalog for MASSIVE galaxies. The points
with richness below 1 along each axis represent galaxies that are
identified to reside in groups by only one catalog. These are mostly
lower-mass groups with a handful members.
A handful of these 17 groupless galaxies had been tar-
geted for X-ray observations. Three have archival Chan-
dra and/or XMM-Newton observations: NGC 57, NGC
4555, and NGC 7052. The X-ray luminosity of the ther-
mal component in the 0.52 keV band for the three galax-
ies are: 1041.19±0.02 erg s−1 (NGC 57), 1041.27±0.04 erg
s−1 (NGC 4555), and 1041.17+0.02−0.03 erg s−1 (NGC
7052) (Mulchaey & Jeltema 2010). The X-ray halos of
NGC 57 and NGC 4555 both have kT ∼ 0.9 keV and
extend to 50 to 60 kpc (O’Sullivan & Ponman 2004;
O’Sullivan et al. 2007). NGC 7052 has an X-ray halo
of kT ∼ 0.48 keV (Memola et al. 2009) and a central
AGN with Lx ∼ 3× 1040 erg s−1 (Donato et al. 2004).
These groupless galaxies and other galaxies in low-
richness groups in our survey form an interesting subsam-
ple of targets for further studies. For instance, we are in-
vestigating whether the groupless galaxies have faint op-
tical companions and satisfy the criterion of being fossil
groups (Ponman et al. 1994; Jones et al. 2003). Overall,
our survey galaxies span only a factor of ∼ 3 in stellar
mass (Figure 1) but a much wider range in halo mass
(Figure 6) and group membership (Figure 7), providing
an excellent sample for studying environmental effects on
galaxy formation (Mulchaey & Jeltema 2010).
5. OBSERVATIONS
5.1. Large-format IFS
Our large-scale IFS observations are performed with
the Mitchell Spectrograph (Hill et al. 2008) on the 2.7
m Harlan J. Smith Telescope at McDonald Observatory.
The Mitchell Spectrograph is an optical integral-field
spectrograph with a large field of view (107′′× 107′′) and
4.1′′ diameter fibers. The 246 fibers are evenly-spaced
and assembled in an array similar to Densepak on the
WIYN telescope (Barden et al. 1998) with a one-third
filling factor.
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Fig. 8.— Mitchell spectra for NGC 1600 in 7 radial bins. The bin size and number of fibers in each bin are labeled. The best-fit spectra
from pPXF are overlaid in red.
We use the low-resolution blue setting (R ≈ 850) of the
Mitchell Spectrograph. The wavelength coverage spans
3650 to 5850A˚, including the Ca H+K region, the G-
band region, Hβ, the Mgb region, and several Fe ab-
sorption features. The spectral resolution varies spa-
tially and with wavelength but has an average of 5A˚
FWHM, corresponding to a dispersion of ∼ 1.1A˚ pixel−1
and σ ∼ 100 km s−1 in the red part of the spectrum to
∼ 150 km s−1 in the blue part.
We observe each galaxy with three dither positions of
equal exposure time to obtain a contiguous coverage of
the field of view. For each dither position, we interleave a
ten-minute exposure on sky with two twenty-minute on-
target science frames. Each galaxy is therefore observed
for a total of ≈ 2 hours on source. With this observing
strategy, we typically reach S/N above 50 in the central
fiber alone. For the outer fibers, we co-add the fibers and
create spatial bins with a minimum of S/N= 20 per bin.
Our binning procedure provides a good combination of
spatial resolution and S/N, resulting in ∼ 30 to 60 spa-
tial bins per galaxy and a median S/N from 25 to more
than 30 for each of the ten galaxies we have analyzed
thus far. Even in the outermost radial bin covered by
the IFU, our data have sufficient S/N to provide multi-
ple angular bins (see example in Figs. 9 and 10). Com-
parable S/N requirements are used for dynamical orbit
modeling of luminous and dark matter in Coma galaxies
(Thomas et al. 2007) and for MBH measurements us-
ing combined wide-field and AO IFU data (e.g. Rusli
et al. 2013b; McConnell et al. 2012). With these data,
we expect to constrain stellar population gradients larger
than roughly a tenth of a dex per decade in radius (e.g.,
Greene et al. 2013). In a handful of galaxies, we have
integrated substantially longer (i.e., 6-8 hours) on an off-
nucleus pointing (e.g., Murphy et al. 2011). With these
cases we are able to roughly double our radial coverage
at comparable S/N.
The data reduction is performed using the Vaccine
package (Adams et al. 2011; Murphy et al. 2011). Flux
calibration and final reduction are done with the soft-
ware developed for the VENGA project (Blanc et al.
2009, 2013). The flux calibration is quite robust, with
< 10% disagreement in continuum shape between the
central Mitchell fiber and SDSS spectra when available
(Greene et al. 2012, 2013). Figure 8 shows the spec-
tra for a range of radial bins for NGC 1600 from our
Mitchell IFS data taken in October 2013. The resulting
stellar kinematics and stellar populations for NGC 1600
are presented in Sec. 6 below.
In 2010 we conducted a precursor study to MASSIVE
with the Mitchell spectrograph (Greene et al. 2012).
Galaxies were selected to have red colors (u − r > 2.2)
and velocity dispersions > 150 km s−1 (as measured by
the SDSS) within the redshift range 0.01 < z < 0.02.
The galaxies span a mass range of M∗ ≈ 1010.4−11.5M,
less massive than MASSIVE galaxies but still generally
more massive than the ATLAS3D galaxies. Fifty galax-
ies have been observed to date, and we analyzed their
stellar population properties in Greene et al. (2013) and
their kinematic properties in Raskutti et al. (2014). Be-
cause they were observed in an identical manner to the
MASSIVE galaxies, we will use them as a complementary
sample for comparison studies.
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5.2. AO-assisted IFS
For a subset of MASSIVE galaxies suitable for AO-
assisted observations, we are acquiring high-resolution
data to perform new measurements of black hole masses
MBH using stellar dynamics. We use NIFS and the AL-
TAIR adaptive optics system with both natural guide
star (NGS) and laser guide star (LGS) on the 8 m Gemini
Observatory North telescope, and OSIRIS (Larkin et al.
2006) and LGS-AO system on the 10 m W. M. Keck I
telescope.
The literature contains MBH measurements for seven
galaxies in our MASSIVE sample (see Sec 3.6). We are
preparing MBH measurements for six additional MAS-
SIVE galaxies based on our existing AO data; seeing-
limited IFS data at ∼ 0.4′′ resolution may yield up to
four more. Our ongoing campaign with AO instruments
will extend the sample of MBH in MASSIVE galaxies still
further.
Because MASSIVE galaxies are selected for extreme
stellar masses, and because they mostly lie within a fac-
tor of two in distance (54-108 Mpc), much of the variation
in the angular sizes of influence of the central black holes
results from the cosmic scatter in MBH. In this case the
primary limiting factor for AO selection is central sur-
face brightness: fainter than µK = 13.5 mag arcsec
−2,
high-resolution observations are prohibitively expensive.
Within the acceptable range of surface brightnesses, we
typically require four to eight hours of AO observations
per target, including science and sky frames, calibration
stars, and overheads.
5.3. Deep K−band Imaging
Most of our science goals require a deep luminos-
ity profile for each galaxy. Since 2MASS is shallow,
we are obtaining deeper K-band imaging for the MAS-
SIVE sample using a combination of WFCAM on UKIRT
and WIRCam on CFHT. We choose K-band because
it (i) traces the old populations that compose most of
the stellar mass in early-type galaxies; (ii) minimizes
dust extinction; (iii) allows for uniform calibration us-
ing 2MASS; and (iv) facilitates comparison of black hole
masses across galaxy populations via the MBH -LK rela-
tion.
In order to trace the extended halos of luminous early-
type galaxies and measure accurate total magnitudes,
it is desirable to reach a surface brightness limit ∼ 3
mag arcsec−2 fainter than 2MASS (cf. Appendix B of
Lauer et al. 2007b). The 2MASS 3σ K surface bright-
ness limit is µK = 18.6 mag arcsec
−2 (Jarrett et al. 2000),
which corresponds roughly to the often quoted 1σ value
of µK ∼ 20 mag arcsec−2. Thus, in terms of AB mag,
we are aiming to achieve a 3σ surface brightness limit of
∼ 23.6 mag arcsec−2 (3 mag in depth plus 2 mag AB
conversion).
6. EXAMPLES OF SURVEY SCIENCE AND EARLY
RESULTS
The MASSIVE survey is designed to study the most
massive galaxies in the universe today, a parameter space
that has not been systematically explored with IFS to
date. With the nearly 2′ field of view of the Mitchell
spectrograph, we cover about twice the effective radius
of most galaxies in the survey. The additional AO data
for a subset of the galaxies will probe sub-arcsec scales
down to the gravitational sphere of influence of the cen-
tral supermassive black hole (∼ 100 pc). In the follow-
ing sections we discuss key science results that can be
expected from the survey and present some early results.
This list is by no means exhaustive.
6.1. Stellar Mass-to-Light Ratio and IMF
Our kinematic measurements at large radius, com-
bined with Schwarzschild orbit modeling, allow us to
measure the dark matter halo mass and the dynamically
inferred stellar mass-to-light ratio (M∗/L)dyn. At the
same time, stellar population synthesis modeling of our
Mitchell spectra in the blue combined with our K-band
imaging and space-based photometry in the mid-infrared
provide an independent measurement of the stellar mass,
yielding (M∗/L)pop.
The observed increase in the ratio of
(M∗/L)dyn/(M∗/L)pop in galaxies with increasing
σ has been interpreted as a change in the IMF (e.g.,
Treu et al. 2010; Auger et al. 2010; Cappellari et al.
2012; Sonnenfeld et al. 2012; Tortora et al. 2013; Dutton
et al. 2013; Barnabe` et al. 2011, 2013), but it could also
indicate a degeneracy with the dark matter distribution
(e.g. Thomas et al. 2011; Wegner et al. 2012). A
number of independent approaches, including direct
measurements of gravity-sensitive stellar features and
gravitational lensing, have pointed towards an IMF
that becomes more top-heavy in galaxies with higher
stellar velocity dispersions (e.g., Conroy & van Dokkum
2012; Spiniello et al. 2014; Oguri et al. 2014). Some
recent results, however, are not consistent with an
increasingly top-heavy IMF in all systems (e.g., Smith
& Lucey 2013; Rusli et al. 2013b; Smith 2014). The
sample size and dynamic range in mass of the MASSIVE
survey will improve the constraints on any possible mass
dependence of the IMF.
As a demonstration of early results from our survey,
we show in Figure 9 the 2-dimensional stellar kinematic
maps for NGC 1600. We use the penalized pixel-fitting
(pPXF) method (Cappellari & Emsellem 2004) to extract
the stellar line-of-sight velocity distribution (LOSVD)
function f(v) from the absorption line features in our
spectra. As input templates, we use the MILES li-
brary of 985 stellar spectra, covering the wavelength
range of 3525-7500A˚ at 2.5A˚ (FWHM) spectral resolu-
tion (Sa´nchez-Bla´zquez et al. 2006). The pPXF routine
convolves the MILES stellar templates with f(v) mod-
eled as a Gauss-Hermite series (up to order 6):
f(v) ∝ 1√
2piσ2
e−
(v−V )2
σ2
[
1 +
n∑
m=3
hmHm
(
v − V
σ
)]
,
(5)
where Hm(x) is the mth Hermite polynomial and given
by
Hm(x) =
1√
m!
ex
2
(
− 1√
2
∂
∂x
)m
e−x
2
. (6)
Figure 9 shows the 2-dimensional maps of the best-fit
Gauss-Hermite velocity moments V, σ, h3, and h4 from
our Mitchell IFS observations of NGC 1600. The galaxy
rotates slowly with V . 20 km s−1 about its photometric
minor axis. The velocity dispersion peaks at 360 km s−1
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Fig. 9.— Kinematic maps of the line-of-sight velocity moments for NGC 1600. The four panels show the four Gauss-Hermite moments,
V, σ, h3, and h4, respectively. The circles in each panel indicate the Mitchell IFS fibers. The fibers are grouped into spatial bins to ensure
a minimum S/N of 20; the median S/N of the bins is 30.6 for NGC 1600. Individual fibers near the center have S/N∼ 60. The median
errors over the spatial bins for the four moments are 17 km s−1, 24 km s−1, 0.051, and 0.057, respectively.
Fig. 10.— Two-dimensional maps of the equivalent widths (in Angstroms) of the Hβ (left) and Mgb (right) absorption lines in NGC 1600.
Our Mitchell data have sufficient S/N to provide measurements in several angular bins at each radius. The typical errors are 0.2A˚ to 0.3A˚.
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in the central fiber and declines radially by ∼ 20% out
to ∼ 50′′. The flux-weighted V/σ is 0.03 ± 0.01 for
NGC 1600. Only two galaxies have such low V/σ in
ATLAS3D (Emsellem et al. 2011). We will discuss in
separate papers the details of this analysis, results for
(M∗/L)dyn, and tests of systematics including spectral
regions used in the fits and robustness of the higher-
order Gauss-Hermite moments (J. Thomas et al. 2014,
in prep.; R. Janish et al. 2014, in prep.).
6.2. Radial Gradients and Assembly History
Massive early-type galaxies have experienced dramatic
size evolution, by factors of 2-4, from z ≈ 2 to the present
(e.g., van Dokkum et al. 2008). One way to understand
the physical mechanisms responsible for this growth is
to study spatial gradients in the stellar populations and
kinematics beyond the half-light radius of present-day el-
lipticals. Since the dynamical times in the outskirts of
these galaxies are long, the stars can potentially remem-
ber their origin both in their overall distribution (Naab
et al. 2007; Oser et al. 2010; Hilz et al. 2013) and their
degree of angular momentum (e.g., Davies et al. 1983;
Franx et al. 1991; Krajnovic´ et al. 2011; Wu et al. 2014;
Arnold et al. 2014; Naab et al. 2014; Krajnovic´ et al.
2013; Raskutti et al. 2014).
Sensitive spectroscopic observations of stellar popula-
tions at large radius are still relatively scarce (e.g., Car-
ollo & Danziger 1994; Mehlert et al. 2003; Kelson et al.
2006; Weijmans et al. 2009; Spolaor et al. 2010; Pu et al.
2010; Pastorello et al. 2014; Mart´ın-Navarro et al. 2014;
Greene et al. 2012, 2013). The MASSIVE survey will
contribute the largest set of IFS data to date for slowly
rotating nearby early-type galaxies in a wide range of
large-scale environments. In combination with our deep
K-band imaging, we will also investigate any correlations
between rotation as a function of radius and isophotal
shape (e.g., Bender et al. 1989; Arnold et al. 2014).
Figure 10 shows the 2-dimensional maps of the equiv-
alent widths (EW) of the Hβ (left) and Mgb (right) ab-
sorption features for NGC 1600. We measure the stan-
dard Lick indices (Faber et al. 1985; Worthey et al. 1994)
using the IDL code lick ew (Graves & Schiavon 2008).
In Greene et al. (2012) we demonstrated that because
these indices are defined for flux-calibrated spectra, our
measurements are on a standard system without any ad-
ditional offsets. Very low levels of emission-line infill can
often contaminate our EW measurements, particularly of
Hβ (e.g., Graves et al. 2007). We perform an iterative fit
(Greene et al. 2013) to the Hβ+[O III] region, using the
stacked spectra from Graves et al. (2009) as templates.
Our uncertainties are dominated by sky subtraction, so
we scale our fiducial sky model by up to ±5% and repeat
our full procedure to determine the uncertainties. Given
our typical S/N ratios of 30 - 100 at ∼ 2Re, we achieve
S/N of 15-80 in the Hβ and Mgb line indices at the outer
edge of the Mitchell IFU.
Figure 10 shows a characteristic radial decline in Mgb
EW, mostly due to the well-known decline in metallicity
with radius in these early-type galaxies. In contrast, the
Hβ EW is relatively flat with radius, with perhaps a
subtle trend of falling at the outer parts, reflecting the
uniform old age of this galaxy.
6.3. Black Hole-Galaxy Correlations
New kinematic data and modeling efforts in the past
several years have substantially expanded and revised dy-
namical measurements of MBH. As samples of dynami-
cal black hole masses increase at both the highest masses
(e.g., McConnell et al. 2011a,b, 2012; Rusli et al. 2011,
2013b; van den Bosch et al. 2012; Walsh et al. 2013) and
in spiral galaxies (e.g., Greene et al. 2010; Kuo et al. 2011;
Beifiori et al. 2012; Sun et al. 2013), it becomes increas-
ingly clear that more data are needed to better quantify
the intrinsic scatter and mass dependence in the scal-
ing relations between MBH and properties of their host
galaxies (McConnell & Ma 2013; Kormendy & Ho 2013).
A systematic survey of dynamical black hole masses
in the most massive galaxies (without preselection based
on current scaling relations) will substantially improve
our leverage on the intrinsic scatter in the relations as a
function of mass, which may discriminate between differ-
ent models for galaxy-black hole coevolution (e.g., Peng
2007; Hirschmann et al. 2010; Jahnke & Maccio` 2011;
Angle´s-Alca´zar et al. 2013). Knowledge of the intrinsic
scatter in MBH is crucial for calculating the quiescent
black hole mass function, as is understanding whether
stellar mass or stellar velocity dispersion is a better pre-
dictor of black hole mass (e.g., Lauer et al. 2007b,a). In
addition to providing key constraints on current theo-
ries of black hole and galaxy growth, these scaling rela-
tions are also a critical input in numerous applications
that rely on black hole demographics, e.g., the predicted
contributions from merging supermassive black hole bi-
naries to the gravitational wave background targeted by
the ongoing pulsar timing experiments (van Haasteren
et al. 2011; Demorest et al. 2013; Shannon et al. 2013)
and LISA.
Cores in central light profiles within a few 100 pc are
often seen in massive galaxies. These cores are thought
to be a sign of black hole scouring (Begelman et al. 1980),
consistent with several scaling relations between core size
and other galaxy properties (e.g., Faber et al. 1997; Fer-
rarese et al. 2006; Lauer et al. 2007b; Kormendy & Ben-
der 2009; Rusli et al. 2013a). As part of our dynami-
cal modeling, we see evidence for an excess of tangential
orbits at the galaxy centers, consistent with black hole
scouring. We will use our orbit modeling to investigate
the connection between the central black hole mass and
nuclear galaxy structure.
Figure 11 shows two-dimensional stellar kinematics for
the central region of NGC 5557 from our observations
with NIFS and LGS-AO on Gemini North. We use stel-
lar templates from Gemini’s NIFS/GNIRS template li-
brary and fit LOSVD-convolved templates to theK-band
CO bandhead features in each galaxy spectrum. Fig-
ure 11 shows the resulting four Gauss-Hermite velocity
moments as defined in Equation (5). When applied to
stellar orbit, our combined NIFS and Mitchell data yield
a black hole mass of 3.9+1.0−1.3× 109M in NGC 5557 (Mc-
Connell et al. 2014, in prep.).
6.4. The Re − L and σ − L Relations
The tight scaling relations among size, luminosity, and
stellar velocity dispersion of early-type galaxies (e.g.,
Faber & Jackson 1976; Kormendy 1977; Dressler et al.
1987) have long been used to constrain galaxy assembly
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Fig. 11.— Kinematic maps of the line-of-sight velocity moments
for the inner 3′′ × 2′′ region of NGC 5777 from Gemini NIFS. The
moments are defined the same way as in Figure 9. The median
errors are 4.6 km s−1 in V , 5.4 km s−1 in σ, 0.016 in h3, and 0.015
in h4.
(e.g., Boylan-Kolchin et al. 2005; Robertson et al. 2006,
and references therein). With our spatially resolved stel-
lar kinematics and deep K−band imaging, we will re-
fine the measurements of the galaxy scaling relations by
adding galaxies at the most massive end (e.g., Bernardi
et al. 2003a).
Figure 12 plots the 2MASS Re and MK relation (e.g.,
Kormendy 1977) for MASSIVE and ATLAS3D galaxies.
Figure 13 shows the stellar velocity dispersion and MK
for the 103 MASSIVE galaxies with existing σ measure-
ments. We emphasize that no cuts are made on either
Re or σ in our sample selection. These plots are only
meant to illustrate the demographics of our survey galax-
ies based on currently available data. We will improve
these measurements to address possible biases in 2MASS
MK (Sec 2.3) and massive galaxy sizes (e.g., Bernardi
et al. 2012) and to study the distribution of our galaxies
in projections of the fundamental plane (e.g., Lauer et al.
2007b; Kormendy et al. 2009).
6.5. X-Ray Gas and Halo Mass
Roughly 30% of the galaxies in the MASSIVE survey
have archival Chandra/XMM X-ray observations that
are sensitive enough to detect thermal emission from
the hot halo gas. If the gas is in thermal equilibrium,
then the ratio LX/M
∗ reflects the ratio of dark matter
halo to stellar mass. Empirically, large scatter (factor
of ∼ 100) is found between LX and LK (e.g., Forman
et al. 1985; Fabbiano 1989), and there are hints that the
Fig. 12.— 2MASS effective radius versus absolute K-band
magnitude for galaxies in the MASSIVE (red circles) and
ATLAS3D surveys (blue crosses). The big circles indicate NGC
4889 (red) and M87 (blue).
Fig. 13.— Stellar velocity dispersion versus absolute K-band
magnitude for galaxies in the MASSIVE survey (red circles) and
ATLAS3D survey (blue crosses). A total of 103 MASSIVE galax-
ies have measured σ in HyperLeda and/or NSA. The big circles
indicate NGC 4889 (red) and M87 (blue).
slope and scatter depend on environment (Mulchaey &
Jeltema 2010). Likely at play are both intrinsic scatter
in the relation between stellar and dark halo mass, and
non-equilibrium conditions in the hot gas, e.g., due to
AGN feedback (Diehl & Statler 2008; Dunn et al. 2010).
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There is a hint of a tighter correlation between LX
and total dynamical mass (stellar and dark matter halo)
than LK (Mathews et al. 2006; Kim & Fabbiano 2013),
but the sample with independent dynamical halo masses
and deep X-ray observations is small, and M87 is still the
most massive galaxy included. With MASSIVE, we will
revisit the LX/LK and LX/Mtot relations for a large and
well-defined sample with uniform dynamical halo masses
and a range of environments. We may also explore the
importance of radio jets in keeping the halo gas from
cooling (Allen et al. 2006; McNamara & Nulsen 2007).
7. SUMMARY
MASSIVE is a comprehensive IFS survey of a volume-
limited and mass-selected sample of the most massive
early-type galaxies within ∼ 108 Mpc. MASSIVE is the
first IFS survey to specifically target galaxies with M∗ >
1011.5 M. We exploit the large (107′′×107′′) areal cov-
erage of the Mitchell Spectrograph to obtain stellar pop-
ulation and kinematic information beyond twice the ef-
fective radius of our galaxies, while using AO-assisted
IFS data on small scales to probe the sphere of influence
of the supermassive black hole. The sample galaxies span
a narrow range in stellar mass, but a wide range in stel-
lar velocity dispersion, size, halo mass and large-scale
environment. Thus, we are poised to determine the rela-
tionships between central black hole mass, stellar mass,
and dark halo mass for the most massive galaxies in the
universe today.
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TABLE 3
116 candidate MASSIVE galaxies
Galaxy R.A. Dec. D K AV MK σ
HL σNSA R2MASSe R
NSA
e Env. Note
(deg) (deg) (Mpc) (mag) (mag) (mag) (km/s) (km/s) (arcsec) (arcsec)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
NGC 0057 3.8787 17.3284 76.3 8.68 0.212 −25.75 326 13.2 27.0 1
NGC 0080 5.2952 22.3572 81.9 8.92 0.168 −25.66 260 15.7 32.2 14 B
NGC 0128 7.3128 2.8641 59.3 8.52 0.079 −25.35 215 10.5 18.0 1
NGC 0227 10.6534 −1.5288 75.9 9.09 0.084 −25.32 262 8.7 27.2 4 B
NGC 0315 14.4538 30.3524 70.3 7.96 0.177 −26.30 296 20.0 25.1 6 B
NGC 0383 16.8540 32.4126 71.3 8.48 0.194 −25.81 279 15.5 20.5 29 =4ZW038
NGC 0393 17.1540 39.6443 85.7 9.23 0.120 −25.44 233 11.0 1
NGC 0410 17.7453 33.1520 71.3 8.38 0.161 −25.90 298 16.8 31.6 29 B
NGC 0467 19.7922 3.3008 75.8 9.01 0.092 −25.40 247 14.5 21.5 1
PGC 004829 20.1287 50.1445 99.0 9.74 0.554 −25.30 7.3 1
NGC 0499 20.7978 33.4601 69.8 8.74 0.193 −25.50 266 11.6 15.6 35
NGC 0507 20.9164 33.2561 69.8 8.30 0.170 −25.93 295 23.0 38.4 35 B
NGC 0533 21.3808 1.7590 77.9 8.42 0.084 −26.05 279 21.9 40.7 3 B
NGC 0545† 21.4963 −1.3402 74.0 0.114 250 32 B A194
NGC 0547 21.5024 −1.3451 74.0 8.49 0.113 −25.83 262 25.1 19.7 32 A194
NGC 0665 26.2338 10.4230 74.6 8.88 0.242 −25.51 190 11.5 13.7 4 B
UGC 01332 28.0755 48.0878 99.2 9.48 0.557 −25.57 12.9 8 B
NGC 0708 28.1937 36.1518 69.0 8.57 0.247 −25.65 230 23.7 39 B A262
UGC 01389 28.8778 47.9550 99.2 9.63 0.519 −25.41 9.2 8
NGC 0741 29.0874 5.6289 73.9 8.30 0.144 −26.06 291 19.5 26.9 5 B
NGC 0777 30.0622 31.4294 72.2 8.37 0.128 −25.94 318 14.6 18.6 7 B
NGC 0890 35.5042 33.2661 55.6 8.25 0.212 −25.50 212 16.7 1
NGC 0910 36.3616 41.8243 79.8 9.20 0.157 −25.33 249 13.6 29 A347
NGC 0997 39.3103 7.3056 90.4 9.42 0.380 −25.40 9.6 23.5 3 B
NGC 1016 39.5815 2.1193 95.2 8.58 0.085 −26.33 302 18.1 26.8 8 B
NGC 1060 40.8127 32.4250 67.4 8.20 0.532 −26.00 303 16.8 36.9 12 B
NGC 1066 40.9579 32.4749 67.4 8.89 0.563 −25.31 17.5 26.6 12
NGC 1132 43.2159 −1.2747 97.6 9.26 0.176 −25.70 246 16.1 30.9 3 B
NGC 1129 43.6141 41.5796 73.9 8.24 0.309 −26.14 330 26.4 30.2 33 B
NGC 1167 45.4265 35.2056 70.2 8.64 0.496 −25.64 204 20.7 29.7 3 B
NGC 1226 47.7723 35.3868 85.7 9.21 0.526 −25.51 271 12.5 3 B
IC 0310 49.1792 41.3248 77.5 9.15 0.445 −25.35 230 239 11.8 15.3 117 Perseus/A426
NGC 1272 49.8387 41.4906 77.5 8.69 0.441 −25.80 292 20.7 31.5 117 Perseus/A426
UGC 02783 53.5766 39.3568 85.8 9.27 0.447 −25.44 299 8.4 9.0 4 B
NGC 1453 56.6136 −3.9688 56.4 8.12 0.289 −25.67 328 16.0 12 B
NGC 1497 60.5283 23.1329 87.8 9.48 0.602 −25.31 249 10.3 1
NGC 1600 67.9161 −5.0861 63.8 8.04 0.118 −25.99 334 20.8 16 B
NGC 1573 68.7666 73.2624 65.0 8.56 0.377 −25.55 303 13.9 15 B
NGC 1684 73.1298 −3.1061 63.5 8.69 0.159 −25.34 306 15.8 11 B
NGC 1700 74.2347 −4.8658 54.4 8.09 0.119 −25.60 239 13.4 4 B
NGC 2208 95.6444 51.9095 84.1 9.04 0.408 −25.63 225 14.2 1
NGC 2256 101.8082 74.2365 79.4 8.67 0.359 −25.87 221 20.9 10 B
NGC 2274 101.8224 33.5672 73.8 8.68 0.286 −25.69 295 15.0 6 B
NGC 2258 101.9425 74.4818 59.0 8.23 0.351 −25.66 287 18.6 3 B
NGC 2320 106.4251 50.5811 89.4 8.85 0.189 −25.93 315 10.6 18 B
UGC 03683 107.0582 46.1159 85.1 9.16 0.253 −25.52 291 11.2 4 B
NGC 2332 107.3924 50.1823 89.4 9.40 0.241 −25.39 232 8.9 18
NGC 2340 107.7950 50.1747 89.4 8.88 0.203 −25.90 246 19.7 18
UGC 03894 113.2695 65.0791 97.2 9.37 0.175 −25.58 304 12.2 17.8 4 B
NGC 2418 114.1563 17.8839 74.1 8.95 0.102 −25.42 247 11.7 16.2 1
NGC 2456 118.5444 55.4953 107.3 9.83 0.106 −25.33 214 10.9 1
NGC 2492 119.8738 27.0264 97.8 9.60 0.109 −25.36 243 273 8.7 12.6 3 B
NGC 2513 120.6028 9.4136 70.8 8.74 0.063 −25.52 274 13.9 24.0 4 B
NGC 2672 132.3412 19.0750 61.5 8.35 0.058 −25.60 268 16.9 14.3 3 B
NGC 2693 134.2469 51.3474 74.4 8.60 0.054 −25.76 349 13.7 15.4 1
NGC 2783 138.4145 29.9929 101.4 9.32 0.082 −25.72 301 254 11.8 38.2 3 B
NGC 2832 139.9453 33.7498 105.2 8.70 0.047 −26.42 332 18.2 21.2 4 B A779
NGC 2892 143.2205 67.6174 101.1 9.35 0.233 −25.70 304 12.5 23.3 1
NGC 2918 143.9334 31.7054 102.3 9.57 0.053 −25.49 258 223 8.8 18.9 1
NGC 3158 153.4605 38.7649 103.4 8.80 0.036 −26.28 343 300 14.2 16.1 6 B
NGC 3209 155.1601 25.5050 94.6 9.34 0.060 −25.55 303 9.0 29.4 3 B
NGC 3332 160.1182 9.1825 89.1 9.37 0.087 −25.38 221 220 12.5 23.7 1
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Table 3, continued
Galaxy R.A. Dec. D K AV MK σ
HL σNSA R2MASSe R
NSA
e Env. Note
(deg) (deg) (Mpc) (mag) (mag) (mag) (km/s) (km/s) (arcsec) (arcsec)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13)
NGC 3343 161.5432 73.3531 93.8 9.57 0.331 −25.33 10.6 1
NGC 3462 163.8378 7.6967 99.2 9.37 0.081 −25.62 218 10.1 20.1 1
NGC 3562 168.2445 72.8793 101.0 9.38 0.111 −25.65 264 8.6 3 B
NGC 3615 169.5277 23.3973 101.2 9.45 0.049 −25.58 259 271 8.2 20.2 3 B
NGC 3805 175.1736 20.3430 99.4 9.30 0.064 −25.69 293 295 8.3 16.5 42
NGC 3816 175.4502 20.1036 99.4 9.60 0.052 −25.40 207 10.7 32.9 42
NGC 3842 176.0090 19.9498 99.4 9.08 0.059 −25.91 315 291 14.1 24.2 42 B A1367
NGC 3862 176.2708 19.6063 99.4 9.49 0.064 −25.50 271 260 11.1 40.0 42
NGC 3937 178.1776 20.6313 101.2 9.42 0.117 −25.62 309 289 10.7 34.7 10 B
NGC 4055 181.0059 20.2323 107.2 9.76 0.095 −25.40 270 8.1 17.5 18 =NGC 4061
NGC 4065 181.0257 20.2351 107.2 9.69 0.098 −25.47 272 283 8.8 31.0 18 B
NGC 4066 181.0392 20.3479 107.2 9.81 0.086 −25.35 253 10.0 37.0 18
NGC 4059 181.0471 20.4098 107.2 9.75 0.079 −25.41 206 9.6 33.0 18
NGC 4073 181.1128 1.8960 91.5 8.49 0.074 −26.33 277 292 21.4 23.0 10 B
NGC 4213 183.9064 23.9819 101.6 9.61 0.102 −25.44 259 264 11.6 33.6 4 B
NGC 4472 187.4450 8.0004 16.7* 5.40 0.061 −25.72 289 53.9 205 B =M49,Virgo
NGC 4486 187.7059 12.3911 16.7* 5.81 0.063 −25.31 336 41.3 48.7 205 =M87,Virgo
NGC 4555 188.9216 26.5230 103.6 9.17 0.044 −25.92 350 319 10.1 29.8 1
NGC 4649 190.9167 11.5526 16.5* 5.74 0.072 −25.36 340 39.8 44.1 205 =M60,Virgo
NGC 4816 194.0506 27.7455 102.0* 9.71 0.024 −25.33 244 14.5 50.6 49 Coma/A1656
NGC 4839 194.3515 27.4977 102.0* 9.20 0.028 −25.85 285 269 20.8 29.2 49 Coma/A1656
NGC 4874 194.8988 27.9594 102.0* 8.86 0.025 −26.18 279 266 23.8 32.0 49 Coma/A1656
NGC 4889 195.0338 27.9770 102.0* 8.41 0.026 −26.64 401 370 19.1 33.0 49 B Coma/A1656
NGC 4914 195.1789 37.3153 74.5 8.65 0.037 −25.72 225 12.8 31.3 1 =NGC 4912
NGC 5129 201.0417 13.9765 107.5 9.25 0.078 −25.92 277 262 12.3 21.8 1
NGC 5208 203.1163 7.3166 105.0 9.51 0.097 −25.61 252 6.8 18.3 3 B
PGC 047776 203.4770 3.2836 103.8 9.73 0.076 −25.36 7.9 13.2 9 B
NGC 5252 204.5661 4.5426 103.8 9.77 0.095 −25.32 196 9.3 19.8 9
NGC 5322 207.3133 60.1904 34.2 7.16 0.038 −25.51 236 26.6 20.1 8 B
NGC 5353 208.3613 40.2831 41.1 7.63 0.035 −25.45 290 14.2 27.8 12 B
NGC 5490 212.4888 17.5455 78.6 8.92 0.073 −25.57 288 10.1 19.5 1
NGC 5557 214.6071 36.4936 51.0 8.08 0.016 −25.46 281 16.2 14.7 4 B
IC 1143 232.7345 82.4558 97.3 9.51 0.172 −25.45 9.2 3 B
UGC 10097 238.9303 47.8673 91.5 9.38 0.049 −25.43 302 7.6 17.2 7 B
NGC 6223 250.7679 61.5789 86.7 9.11 0.100 −25.59 10.6 4 B
NGC 6364 261.1139 29.3902 105.3 9.74 0.106 −25.38 205 7.7 11.5 1
NGC 6375 262.3411 16.2067 95.8 9.42 0.334 −25.53 220 10.8 1
UGC 10918 264.3892 11.1217 100.2 9.31 0.498 −25.75 12.8 1
NGC 6442 266.7139 20.7611 98.0 9.59 0.239 −25.40 240 9.1 1
NGC 6482 267.9534 23.0719 61.4 8.37 0.277 −25.60 322 10.1 3 B
NGC 6575 272.7395 31.1162 106.0 9.56 0.172 −25.58 306 9.0 1
NGC 7052 319.6377 26.4469 69.3 8.58 0.337 −25.67 284 14.7 1
NGC 7242 333.9146 37.2987 84.4 8.33 0.415 −26.34 27.7 15 B
NGC 7265 335.6145 36.2098 82.8 8.69 0.325 −25.93 258 16.0 21 B
NGC 7274 336.0462 36.1259 82.8 9.24 0.295 −25.39 298 12.6 21
NGC 7386 342.5089 11.6987 99.1 9.42 0.200 −25.58 11.6 38.1 3 B
NGC 7426 344.0119 36.3614 80.0 8.82 0.337 −25.74 11.2 4 B
NGC 7436 344.4897 26.1500 106.6 9.01 0.250 −26.16 352 19.1 25.0 8 B
NGC 7550 348.8170 18.9614 72.7 8.91 0.375 −25.43 255 12.4 28.0 3 B
NGC 7556 348.9353 −2.3815 103.0 9.25 0.097 −25.83 268 16.9 26.4 4 B
NGC 7618 349.9468 42.8526 76.3 9.04 0.609 −25.44 298 9.8 10 B
NGC 7619 350.0605 8.2063 54.0 8.03 0.224 −25.65 324 14.8 34.6 12 B
NGC 7626 350.1772 8.2170 54.0 8.03 0.197 −25.65 274 20.1 26.7 12
NGC 7681 352.2287 17.3096 96.8 9.22 0.149 −25.72 359 11.4 5.5 1
Notes. Column (1): in order of increasing R.A. Column (2): right ascension in degrees (J2000.0). Column (3): declination in degrees
(J2000.0). Column (4): distance. Symbol ∗ indicates SBF distances; others are from group-corrected flow velocities, as described in
Sec 2.2. Column (5): “total” galaxy apparent K-band magnitude from 2MASS XSC (parameter k m ext). Column (6): foreground galactic
extinction in Landolt V -band (Schlafly & Finkbeiner 2011) with reddening relation of Fitzpatrick (1999). Column (7): extinction-corrected
“total” absolute K-band magnitude derived from distance in column (4), apparent magnitude in column (5), and foreground extinction
in column (6), using Equation (1). Column (8): central stellar velocity dispersion from HyperLeda. Column (9): central stellar velocity
dispersion from the NASA-Sloan Atlas. Column (10): effective radius from 2MASS, defined in Equation (3). Column (11): optical
half-light radius from the NASA-Sloan Atlas. Column (12): galaxy environment – number of group members in the 2MASS HDC group
catalog (Crook et al. 2007); “B” indicates brightest group galaxy. Column (13): additional comments, e.g., alternative names, associated
clusters.
† NGC 545 is a close companion of NGC 547. It is not listed in 2MASS but is designated the BCG of Abell 194 with MV = −22.98 in
Lauer et al. (2007b).
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18 Ma et al.
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NGC3158 NGC3209 NGC3332 NGC3462 NGC3615
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NGC5208 PGC047776 NGC5252 NGC5322 NGC5353
NGC5490 NGC5557 UGC10097 NGC6364 NGC7386
NGC7436 NGC7550 NGC7556 NGC7619 NGC7626
NGC7681
Fig. 14.— Red-blue-green composite images of SDSS photometry for 78 MASSIVE galaxies. The rest of the sample is not in the SDSS
footprint. Each postage stamp shows a 220′′×220′′ field of view. The three exceptions are the Virgo galaxies NGC 4472, NGC 4486, and
NGC 4649, which are zoomed out to 340′′×340′′. We note that NGC 4472 was in SDSS but not in NSA.
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